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ABSTRACT 
The goal of the  e f fo r t  on the  Cu2S-CdS t h i n  f i lm s o l  
i s  t h e  developent  of a low-cost a l te rna te  t o  the  s i l i con  so 
cell. f o r  space applications. P i lo t  l i n e  production of ce 
been underway f o r  several  years. The main problems now are repr 
duc ib i l i t y  and degradation i n  a simziLated space environment, 
performance of current production c e l l s  and the  r e su l t s  of various 
environmental t e s t s  are  presented, Solutions t o  some past p r  
a re  discussed, A movie describes how the  c e l l  i s  made and tested., 
The 
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(NASA movie C-270, The Cadmium Sulfide Thin Film Solar Ce 
prov'ides the introduction and description of how the Cu2S-@dS t h i n  
film so lar  c e l l  i s  made,) 
Up u n t i l  March 31, 1971 the  Gould Laboratories ( e a r l i e r  kn 
as  the  Clevite Corporation) was operating the  p i lo t  l i n e  ~ h o ~  i n  
t he  movie and supplied Cu2S-CdS so lar  c e l l s  commercially. 
Apri l  1, they have dropped a l l  t h e i r  develoment and produ 
these ce l l s .  A t  t h i s  time the  only supplier of Cu2S-CdS c 
SAT i n  France. Nearly a l l  the  NASA development work has been with 
the  Gould c e l l ,  However, our limited knowledge of the  SAT ce 
indicates  it has similar properties,  Therefore we woad 
t h a t  the  r e su l t s  I will present f o r  the  Gould c e l l s  shoul 
i n  general f o r  SAT ce l l s .  
Slide 1 shows average values of c e l l  eff ic iency under various 
conditions of i l lumination and temperature, The eff ic iency of 
s i l i con  c e l l s  i s  shown f o r  comparison. Under t e r r e s t r i a l  condi- 
t ions ,  a i r  mass one (AMl), 25OC, and with a c lear  cover ( M  
the efficiency i s  about 5%e The transmittance of Mylar degrad 
markedly under the  u l t r av io l e t  of space, so Kapton i s  used as t h  
cover, although i t s  transmission i s  i n i t i d l y  lower, The K 
r e su l t s  i n  a reduction of 
I r rad ia ted  with the  so la r  
2 
the eff ic iency t o  
spectrum i n  space 
ciency drops fur ther  t o  3.5% a t  25°C and t o  
approximate c e l l  temperature i n  space. For 
4% a t  AMI., 25"C, 
(AMO), t he  e f f i -  
3% a t  6ooc, the  
a l l  these condi- 
t i ons  the  eff ic iency of the  Cu2S-CdS c e l l  i s  about l /3  tha t  
of t he  s i l i con  c e l l ,  The highest eff ic iency we have seen f o r  
the  Gould Kapton-covered ce l l s ,  a t  AMO, 60°c i s  3.6%, which 
i s  equivalent t o  about 6% f o r  Mylar covered c e l l s  a t  AMl, 2 5 O C ,  
These were made i n  the  same way a s  the  run-of-the-mill ce 
why they were so much b e t t e r  i s  not understood. Throughout 
the  development of t h i s  ce l l ,  reproducibi l i ty  has been a p 
Another problem has been t h a t  the  c e l l s  degrade under 
l a t ed  space conditions, Our evaluation t e s t s  have general 
conducted i n  space simulation f a c i l i t i e s  l i k e  those shown i n  th 
movie. 
c e l l s  made i n  October 1.967 were exposed t o  300 cycles, where each 
cycle consisted of 1 hour of l i g h t  and 1/2 hour of dark. 
c e l l  had l o s t  more than half  i t s  power during the  t e s t  w h i  
most s table  had l o s t  only lo%, During an interrupt ion i n  the  
t e s t  they had recovered somewhat and redegraded when the t e s t  
was resumed, 
but a lso the  great differences between ce l l s ,  Soon a f t e r ,  we 
found tha t  when the  c e l l s  were operated above a cer ta in  t h r  
Slide 2 shows the  r e su l t s  of an ear ly  t e s t  where four 
One 
Not only was the  rapid degradation disturbing, 
voltage, they degraded rapidly. The copper sulf ide decomposed 
3 
and metal l ic  copper formed short-circui ts  i n  the  ce l l .  S 
shows the r e su l t s  of a tes t  where the  c e l l s  were deliber 
loaded at different voltages and tested f o r  1429 cycles, 
c e l l s  loaded a t  0.4 vo l t s  o r  more degraded considerably more 
than those a t  lower voltages. Luckily the voltage f o r  maximum 
power l i e s  below the  0.4 vol t  threshold. I n  the  earlier t e s t s  
l i t t l e  a t ten t ion  was given t o  c e l l  loading, and presumably the  
c e l l s  t h a t  degraded severely were operating above the  thresho 
vol t  age e 
The 
I n  subsequent tes ts  the  c e l l s  were careful ly  loaded at the 
maximum power point. 
are  shown i n  s l i de  4. I n  t h i s  t e s t  4 c e l l s  made i n  November 
1968 were exposed t o  10,000 cycles (15,000 hours) i n  a vacuum 
solar  simulator at The Boeing Company. 
the degradation ranged from 9% t o  24$, with t he  average f o r  the  
four c e l l s  a t  187L The results of the e a r l i e r  t e s t  a re  shown 
i n  the  figure also and clearly showhow much less degradation 
i s  seen now. However, we do not know the  cause of the residua 
degradation, nor why there  i s  a difference among the ce 
The r e su l t s  of t he  longest duration t e s t  
A t  t he  end of t h e  t e s t  
The c e l l s  a lso degrade under t e r r e s t r i a l  conditions, S 
shows a qual i ta t ive comparison of the  s t a b i l i t y  of c e l l s  w i t h  d i f -  
ferent  p l a s t i c  covers and adhesives under dry and humid she 
storage and exposure t o  the  elements on t h e  roof, I n  a l l  c 
4 
t he  cover was  1 - m i l  th ick and the edges of t he  c e l l  were un 
tected,  All t he  combinations were very good on dry shelf 
They degraded l e s s  than 10% per year, 
as the  adhesive t o  hold down the  Kapton and Mylar covers. 
discontinued because the  c e l l s  were so sensi t ive t o  humidity, 
Kapton with Astroepoxy adhesive was l a t e r  adopted as the stand 
design because of i t s  tolerance t o  u l%radole t ,e lec t ron  and pr 
radiation. This combination also showed improved s tabi l i ty  under 
humidity. Recently some c e l l s  were made with FEP, a clear,  u 
violet-resis tant  p las t ic ,  t ha t  was bonded t o  the  c e l l  without an 
adhesive, These cells a lso were very sensi t ive t o  humidity, Sur- 
prisingly,  they degraded rapidly under u l t rav io le t  l i g h t  despi-b 
the  f ac t  tha t  t h e  FEP cover did not discolor, None of the ~ o ~ b ~ n a -  
t i ons  fared well  i n  the  roof-top tests, d t h m g h  Kapton w5th Astro- 
epoxy was the  best, The obvious conclusion from these res 
tha t  c e l l s  with these covers w 5 l l  not do well  when expose 
elements i n  a t e r r e s t r i a l  application. However, notice tha t  dh 
was a difference i n  s t a b i l i t y  among t he  cover-adhesive combina-bions 
A t  one time Nylon w 
It was 
Also keep i n  mind t h a t  t he  candidates f o r  the space ce l l  were g Y 
r e s t r i c t ed  by the  requirements f o r  low weight and toleranc 
tron, proto$ and space u l t rav io le t  radiation, Also, the  s 
tes ted  had unprotected edges, 
with the  proper encapsulation t h e  degradation i n  a terrestrria 
environment can be reduced or  eliminated, 
There remains the  poss ib i l i ty  that 
5 
There i s  some evidence t o  support t h i s  hope. Heavily 
encapsulated t h i n  f i l m  Cu S-CdS c e l l s  have been used as c 
brat ion standards f o r  performance measurements, 
2 
Slide 6 shows 
a cross section of an encapsulated standard c e l l ,  The Kapton 
covered 1 x 2 em t h i n  f i lm c e l l  was mounted, between a brass 
block and a g lass  microscope s l ide  with epoxy and the  assemb 
was encased with the  same clear,  castable epoxy. About fo r ty  
of these were made, cal ibrated and recalibrated i n  an a i r p  
and per iodical ly  checked against each other. When not i n  u s e  
they are  stored i n  dark, unsealed boxes, exposed t o  laboratory 
humidity, 
shown any degradation, 
They are  from two t o  f i v e  years old and none have 
Another example i s  t h a t  t h i n  f i lm c e l l s  have been used 
successfully on long-l i fe  weather balloons. These c e l l s  we 
doubly encapsulated i n  Mylar with Astroepoxy adhesive and the 
edges were completely sealed. A t  l e a s t  30 balloons have been 
launched and no f a i l u r e s  were a t t r ibu ted  t o  the  solar  ce l l s ,  
The longest f l i g h t  was  over a year and the  solar  c e l l s  fune- 
tioned adequately throughout the f l i g h t  
b 
SUMMARY 
The eff ic iency of the Cu2S-CdS, t h i n  f i l m  c e l l  i s  about 
1/3 t h a t  of t he  s i l i con  ce l l ,  
t h a t  was seen i n  the  past can be avoided by operating the  ce 
at i t s  maximum power conditions, However, even then some degra- 
dation takes place i n  space simulation t e s t s .  No space-type 
c e l l s  have done w e l l  i n  roof-top tests. 
t h a t  encapsulation techniques, selected f o r  t he  t e r r e s t r i a  
environment may make the  cells more durable. 
The cause of severe degradation 
However, there  i s  ho 
0 
* . 0 
OL 
0 
N 
x 
t-> 
0 0  
O Z  
I 
I 
t- 
v, 
W a 
ar: 
0 
" I  
W 
h 
t- 
0 
o" 
0 
01 
Y 
n 
W 
I- 
v, 01 
0 
0 
h 
2 
L- 
o z 
01 
0 
a, 
cl 
M a 0 
13 cl 
0 0 
0 0 
c3 c3 
> t. 
Df Df 
w w > > 
I 
I- 
L 
3 
z 5  I 
O L  
t-0 h a  
3 %  
t. 
X 
0 
h 
w 
0 
aL 
I- 
v, 
5 
I 
2- -
3 
2 
iz 
>- 
Qi 
w > 
0 
ck: 
I- 
I 
t- -
3 
z 
Ot. 
A 
A 
W 
0 
cy: 
m 
m 
n 
W 
cy: 
0 
0 
7 
0 
i- e 
2 
9 
a 
-- . 
-- 
bL 
0 
0 
m 
a 
7 
A 
0 
0 
0 
-
v) 
m 
aL 
a 
a 
4
0 
0 
